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Abstract –We consider both the Abelian Higgs model and the impact of a minimal length in
the un-particle sector. It is shown that even if the Higgs field takes a non-vanishing v.e.v., gauge
interaction keeps its long range character leading to an effective gauge symmetry restoration. The
effect of a quantum gravity induced minimal length on a physical observable is then estimated by
using a physically-based alternative to the usual Wilson loop approach. Interestingly, we obtain
an ultraviolet finite interaction energy described by a confluent hyper-geometric function, which
shows a remarkable richness of behavior.
Introduction. – The subject of un-particle physics
has been of great interest since the work by Giorgi [1, 2],
who showed the possibility of describing unusual prop-
erties of matter with non-trivial scale invariance in the
infrared regime. The physical consequences of this new
physics have triggered a large body of literature. For
example, in connection to supersymmetry [3, 4], spin-
dependent in electron systems [5], also in dark matter
scenarios [6, 7], in black holes studies [8–12], holography
[13], and possible signatures of un-particles interactions
in collider physics [14–17]. More recently, the un-particle
phenomenology has gained a renewed attention for the
concrete possibility of setting the un-particle scale in an
unambiguous way, i.e., independent of the coupling con-
stant between the BZ fields and the Standard Model [18].
The advent of un-particles physics has also drawn atten-
tion to the Higgs phenomenology [7, 19–21], or rather to
the dynamical breaking of electroweak symmetry and its
relation with the un-particle sector [22]. Here it is impor-
tant to emphasize a distinctive feature of this new sector,
that is, the existence of long-range forces between parti-
cles mediated by un-particles, which are valid in three, two
and one space dimensions.
On the other hand, the investigation of extensions of
the Standard Model (SM), such as Lorentz invariance vio-
lation and fundamental length, have also been intensively
considered by many authors [23–28]. Evidently, all this
activity is related to the fact that the SM does not in-
clude a quantum theory of gravitation. As is well-known,
in the search for a more fundamental theory going beyond
the SM string theories [29] are the only known candidate
for a consistent, ultraviolet finite quantum theory of grav-
ity, unifying all fundamental interactions. We further note
that, during the last years, the focus of quantum gravity
has been towards effective models. Indeed, these models
incorporate one of the most important and general fea-
tures, that is, a minimal length scale that acts as a reg-
ulator in the ultraviolet. There are various approaches
on how to construct a quantum field theory that incorpo-
rates a minimal length scale, which gives rise to a model
of quantum space-time [30–33]. Of these, quantum field
theory allowing non-commuting position operators have
enjoyed great popularity [34–39]. Notice that most of the
known results in the non-commutative approach have been
achieved using a Moyal star-product. More recently, a new
formulation of non-commutative quantum field theory in
the presence of a minimal length has been proposed in
[40–42]. Subsequently, this was developed by the introduc-
tion of a new multiplication rule, which is known as Voros
star-product. Evidently, physics turns out be independent
from the choice of the type of product [43]. Accordingly,
with the introduction of non-commutativity by means of a
minimal length, the theory becomes ultraviolet finite. In
this case, the cutoff is provided by the non-commutative
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parameter, θ, which is related to the minimal length. It
should, however, be noted here that this cut-off is not put
by hand, as a mere artifact of regularization, but is a direct
consequence of the coherent states approach developed in
[40–42].
In this perspective, the purpose of this paper is to
further elaborate on the physical content of un-particle
physics. Specifically, in this work we will focus attention
on the impact of a Higgs field with non-vanishing v.e.v.
and a minimal length on a physical observable. Although
a preliminary analysis about these issues has appeared be-
fore [44], we think it is of value to clarify them because,
in our view, they have not been properly emphasized. In
this way, we will work out the static potential between
two charges for the cases under consideration. As we shall
see, in the case of a Higgs field with non-vanishing v.e.v,
gauge interaction keeps its long range character leading
to an effective gauge symmetry restoration. While in the
presence of a minimal length, our analysis leads to an ul-
traviolet finite static potential for non-commutative un-
particles induced by a confluent hypergeometric function,
which shows a remarkable richness of behavior.
The Abelian Higgs model in the un-particle sec-
tor. – As already expressed, we now examine the prop-
erties of the Higgs vacuum in the un-particle sector. For
this purpose we restrict our attention to scalar electrody-
namics:
Z [ j ] =
∫
D [φ ] D [φ∗ ] D [A ] exp (−S [φ , φ∗ , A ; j ] ) ,
(1)
where the Lagrangian density is given by
L = −1
4
Fµν F
µν−| ( ∂µ − i e Aµ ) φ |2−VH (φ∗φ )−jµAµ.
(2)
jµ is a divergence-free external current supported by
heavy test-particles. Its role will become clear in a while.
We do not choose any specific form of the Higgs potential
VH , and simply assume it admits a non-trivial minimum
for a non-vanishing v.e.v. of the field. Next, by decom-
posing the φ field in a polar form
φ (x ) =
ρ (x )√
2
eiϑ(x ), (3)
we obtain the Higgs Lagrangian, in terms of the modulus
ρ and the phase ϑ,
LH ≡ −1
2
[ ( ∂µ − i e Aµ + i ∂µ ϑ ) ρ ]2 − VH
(
ρ2
)
, (4)
The ground state corresponds to a constant value of the ρ
field, say σ0, which minimizes the potential VH(
∂VH
∂ρ
)
ρ=σ0
= 0. (5)
We define the fluctuation field η as ρ (x ) ≡ σ0 + η (x ).
By neglecting higher order contributions, we get to the
zero-th order in η
L ≈ −1
4
Fµν F
µν − e
2σ20
2
(
Aµ − 1
e
∂µ ϑ
)2
− jµAµ, (6)
leading to a system of effective field equations for a massive
vector field and a Goldstone boson
∂µ F
µν − e2σ20
(
Aµ − 1
e
∂µ ϑ
)
= jν , (7)
∂2 ϑ = e ∂µA
µ . (8)
The “current wisdom” would suggest to switch to the uni-
tary gauge, where the Goldstone boson is “eaten-up” by
the gauge field which turns into a massive objects. We
depart from this approach for two reasons:
i) it is not necessary to choose any gauge to proceed;
ii) appealing to the unitary gauge gives the feeling that
the whole Higgs mechanism is a skillful “illusion game”,
not a physical mechanism. In other words, the mass of
the vector boson is a measurable quantities which cannot
depend on a clever gauge choice.
Rather than choosing a gauge, we solve equation (8)
and write ϑ in terms of A:
ϑ = e
1
∂2
∂µ A
µ. (9)
In equation (9) we use the following short-hand notation
1
∂2
F ≡
∫
d4y
1
∂2x
δ (x− y ) F ( y ) . (10)
We notice that solving for ϑ makes Aµ divergence-free:
Aµ − 1
e
∂µ ϑ =
(
δλµ −
∂λ ∂µ
∂2
)
Aλ ≡ A⊥µ . (11)
Moreover, (
A⊥µ
)2
=
1
4
Fµν
1
∂2
Fµν . (12)
Thus, by discarding a total divergence we get the effective
Lagrangian for Aµ in the Higgs vacuum
Leff. = −1
4
Fµν
(
1− e2σ20
1
∂2
)
Fµν − jµAµ. (13)
The effective Lagrangian (13):
i) is manifestly gauge invariant, notwithstanding the
presence of a mass term;
ii) has the same form of the Schwinger model effective
Lagrangian once the electron field is integrated out and
the axial anomaly properly accounted. From this van-
tage point, we can see Leff. as the 4D equivalent of the
Schwinger model, i.e. QED2.
In order to turn the Higgs field into its un-particle coun-
terpart we replace the functional integration measure as
follows:∫
D [φ ] D [φ∗ ] −→ AdU e
2dU−2
2Λ2dU−2U
×
∫ ∞
0
dσ20
(
σ20
)dU−2 ∫
D [ η ] ,
(14)
p-2
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where, dU is the non-integral scale dimension of the Higgs
un-particle field, and
AdU ≡
16π5/2
( 2π )
2dU
Γ ( dU + 1/2 )
Γ ( dU − 1 ) Γ ( dU ) , (15)
is a characteristic normalization factor for un-particle ob-
jects. ΛU is the energy scale where the Banks-Zaks fields
turn into un-particle fields through dimensional transmu-
tation.
Integration over the Higgs fields vacuum mean value is
suggested by the general prescription, implemented in [45],
to recover un-particle generating functional form the stan-
dard one by properly integrating over the mass parameter.
As the vacuum expectation value of φ determines the mass
of the Higgs boson, self-consistency requires to integrate
over it in the same way
ZU [ j ] =
AdU e
2dU−2
2Λ2dU−2U
∫ ∞
0
dσ20
(
σ20
)dU−2
×
∫
D [ η ]D [A ] exp
(
−
∫
d4x
[
Leff. + Lint
])
(16)
As we are interested into the static potential between
test charges, we neglect the interaction term in (16) and
consider only the ”free” dynamics of the gauge field en-
coded into Leff.. In order to simplify the notation, let us
re-define the generating functional as
ZU [ j ] ≡ AdU e
2dU−2
2Λ2dU−2U
∫ ∞
0
dσ20
(
σ20
)dU−2
ZA [ j ] , (17)
ZA [ j ] ≡ Z−1A [ 0 ]
∫
D [A ] exp
(
−
∫
d4xLeff. [A , j ]
)
.
(18)
For ”heavy”, opposite, test charges sitting in ~x1, ~x2 the
current is jµ = j0 δµ0 , where
j0 ( ~x ) = e δ [ ~x− ~x1 ]− e δ [~x− ~x2 ] , (19)
and the static interaction between the pair is mediated by
A0. Thus,
Leff. = −1
4
Fµν
(
1− e2σ20
1
∂2
)
Fµν − j0A0. (20)
As we are dealing with a static problem, the Hamiltonian
formalism is appropriate to extract the static potential
from the canonical path integral.
The canonical momentum conjugated to Ai is the elec-
tric field Ei:
∂Leff.
∂∂0Ai
= −
(
1− e2σ20
1
∂2
)
F 0 i ≡ Ei, (21)
and the Hamiltonian turns out to be
H =
1
2
Ei
(
1− e2σ20
1
∂2
)−1
Ei+Ei ∂iA0+ j
0A0. (22)
The action reads
Seff. =
∫
d4x
[
−Ai ∂0 Ei − 1
2
Ei
(
1− e2σ20
1
∂2
)−1
Ei
]
+
∫
d4x
[
A0
(
∂i E
i − j0 ) ] . (23)
The form of (23) shows that both Ai and A0 are Lagrange
multipliers implementing the static nature of the electric
field and the Gauss Law:
δSeff.
δAi
= 0 −→ ∂0 ~E = 0 , (24)
δSeff.
δA0
= 0 −→ ~∇ · ~E = j0 . (25)
A straightforward computation of the path integral shows
that
ZA
[
j0
]
= exp
(
−1
2
∫
d4x j0
1
∇2 − e2σ20
j0
)
, (26)
and
V (L ) = − e
2
4π L
e−e σ0 L , (27)
where L ≡ |~x1 − ~x2 |.
Up to now we have reproduced known results but in a
gauge invariant way at every step of calculation.
Now, let us define the static potential in the un-particle
sector of the model as
ZU (L ) = exp (−T VU (L ) ) . (28)
Comparing (28) and (17) we see that
VU (L ) =
AdU e
2dU−2
2Λ2dU−2U
∫ ∞
0
dσ20
(
σ20
)dU−2
V (L ) . (29)
By introducing the new integration variable t ≡ e2 σ20 ,
VU (L ) can be written as
VU (L ) = − e
2
8π
AdU
1
Λ2dU−2U
∫ ∞
0
dt tdU−2 e−L
√
t, (30)
The final form of VU results to be
VU (L ) = − e
2
4π L
Γ ( 2dU − 2 ) AdU
(LΛU )
2dU−2 . (31)
Equation (31) shows that even if the Higgs field has a
non vanishing v.e.v. in the un-particle vacuum, gauge
interaction is still long-range.
A minimal length in the un-particle sector. –
We shall now calculate the interaction energy between
test charges in the un-particle sector introducing a quan-
tum gravity induced universal cut-off. For this purpose,
we will compute the expectation value of the energy op-
erator H in the physical state |Φ〉 describing the sources,
p-3
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which we will denote by 〈H〉Φ. With this in view, the
initial point of our analysis is the Lagrangian density:
L =
N∑
k=1
[
− 1
4e2k
F kµνF kµν +
m2k
2e2k
(
Akµ − ∂µϕk
)2]
, (32)
where mk is the mass for the N scalar fields. As we have
already indicated in [45, 47], integrating out the ϕ-fields
induces an effective theory for the Akµ-fields. Accordingly,
we obtain the following effective Lagrangian density:
L =
N∑
k=1
1
e2k
[
−1
4
F kµν
(
1 +
m2k
∆
)
F kµν
]
. (33)
By proceeding in the same way as in [45, 47], we obtain
the Hamiltonian
H =
∫
d3x
{
−1
2
Πi
(
1 +
m2k
∆
)−1
Πi
}
+
∫
d3x
{
1
4
Fij
(
1 +
m2k
∆
)
F ij
}
. (34)
Next, following our earlier Hamiltonian procedure, we re-
call that
Πi (x)
∣∣Ψ(y)Ψ (y′)〉 = Ψ(y) Ψ (y′)Πi (x) |0〉
+ q
y
′∫
y
dziδ
(3) (z− x) |Φ〉. (35)
As was explained in [48–52], we now consider the formu-
lation of this theory in the presence of a minimal length.
To do this, we replace the source by the smeared one:
δ(3) (x− y)→ e θ2∇2δ(3) (x− y) . (36)
Hence expression (35) reduces to
Πi (x)
∣∣Ψ(y)Ψ (y′)〉 = Ψ(y) Ψ (y′)Πi (x) |0〉
+ q
y
′∫
y
dzie
θ
2∇
2
δ(3) (z− x) |Φ〉.
(37)
Having made this observation and since the fermions are
taken to be infinitely massive (static) we can substitute ∆
by −∇2 in Eq. (34). Accordingly, 〈H〉Φ takes the form
〈H〉Φ = 〈H〉0 + V, (38)
where 〈H〉0 = 〈0|H |0〉. The V term is given by:
V =
q2
2
∫ y′
y
dz′i
∇2z′
(∇2 −m2k)z′
×
∫ y′
y
dzi
(
−eθ∇2zδ(3) (z − z′)
)
, (39)
where the integrals over zi and z′i are zero except on the
contour of integration. Expression (39) can also be written
as
V =
q2
2
∫
y
′
y
dz′i∂
z′
i
∫
y
′
y
dzi∂izG˜ (z
′, z) , (40)
where G˜ is the Green function
G˜ (z− z′) =
∫ ∞
0
dse−sM
2
(
1
4π (θ + s)
)3/2
e−
r2
4(θ+s) ,
(41)
where r ≡ |z− z′|. We notice that the integrand in equa-
tion (41) is just the flat space counterpart of the regular
kernel introduced in [50], where it was instrumental to
determine the trace anomaly in a ”quantum” manifold.
Employing Eq.(41) and remembering that the integrals
over zi and z′i are zero except on the contour of integra-
tion, expression (40) reduces to a finite Yukawa interac-
tion. Therefore the potential for two opposite charges lo-
cated at y and y′ is given by
V = − q
2
4π3/2
∫ ∞
0
dse−sM
2
(
1
4π (θ + s)
)3/2
e−
r2
4(θ+s) ,
(42)
where L ≡ |y−y′|. However, from (33) we must sum over
all the modes in (42), that is,
V = − q
2
(4π)
3/2
N∑
k=1
1
e2k
×
∫ ∞
0
dse−sm
2
k
(
1
4π (θ + s)
)3/2
e−
r2
4(θ+s) . (43)
In effect, as was explained in Ref. [46], in the limit k →∞
the sum is substituted by an integral as follows
V = − q
2
(4π)
3/2
AdU
Λ2dU−2U
∫ ∞
0
dttdU−2
×
∫ ∞
0
dse−st
1
(θ + s)
3/2
e−
r2
4(θ+s) , (44)
with t = m2k and ΛU is a critical energy scale below
which the standard model particles can interact with un-
particles. Here tdU−2 is the spectral density, and AdU is a
normalization factor which is given by
AdU ≡
16 π5/2
( 2π )
2dU
Γ ( dU + 1/2 )
Γ (dU − 1 ) Γ ( 2dU ) . (45)
Thus one has for the interaction energy the result:
V = − q
2
(2π)
2dU−1
1
Λ2dU−2
1
(θ)
dU−1/2
Γ (dU + 1/2)
Γ (2dU )
× Φ (dU − 1/2, 3/2;−r2/4θ) ,
(46)
where Φ
(
dU − 1/2, 3/2;−r2/4θ
)
is the confluent hyperge-
ometric function. From this expression, it should be
p-4
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clear that the interaction energy is regular at the ori-
gin (see Fig.1). Note that in Fig.1 we have defined
V = q
2
(2pi)2dU−1
1
Λ2dU−2
1
(θ)dU−
1/2
Γ(dU+1/2)
Γ(2dU )
V [x]. Notice that
Φ (a, c; z)→ 1+ ac z as z → 0. Thus, we obtain a constant
potential at the origin. In other words, the presence of
θ gets rid of short distances divergences. On the other
hand, as long as Φ (a, c; z)→ Γ(c)Γ(c−a) (−z)
−a
+ Γ(c)Γ(a)e
zza−c
as z →∞, we recover the long range un-particle potential
V ∼ 1
L2dU−1
, while that short-distance effects are expo-
nentially suppressed O
(
e−
L2
4θ
)
.
2 4 6 8 10
x value
-1.0
-0.5
0.5
1.0
V@xD
Fig. 1: The potential V , as a function of x = r
2
√
θ
. dU = 1.1, 1.5
and 1.9, are represented by the solid, dashed and dotted lines.
Final Remarks. – To conclude, let us our work in its
proper perspective. As was showed, our analysis revealed
that even if the Higgs field takes a non-vanishing v.e.v.,
gauge interaction keeps its long range character leading to
an effective gauge symmetry restoration. Besides, we have
considered the effect of a minimal length on a physical ob-
servable in the un-particle sector. Interestingly enough,
expression (46) displays a marked departure from its com-
mutative counterpart. Nevertheless, the above profile po-
tential is similar to that encountered in ordinary space-
time as L → ∞. Therefore, we have provided a new con-
nection between effective models.
Finally, we would like to comment our results from the
vantage point of the space-time ”fractalization” outlined
in [32], where the concept of un-spectral dimension was in-
troduced for the first time. The authors in [32] proposed
a new scenario merging the conjectured existence of both
un-particles and minimal length in the space-time fabric.
In this case, the minimal length plays a role which is sim-
ilar to the critical temperature marking different phases
of some condensed matter system. The use of un-particle
probes allows the access to a trans-planckian regime which
is forbidden to ordinary matter. In this ultimate phase the
un-spectral space-time dimension is Du = 2du − 2. We
notice that the distance dependence of the interaction po-
tential (31) is just 1/LDu , i.e. test charges are sensitive to
the un-spectral dimension. We consider this behavior as
a self-consistency check with the model discussed in [32].
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